BACKGROUND: Thirty-day readmission penalties implemented with the Hospital Readmission Reduction Program (HRRP) place a larger burden on safety-net hospitals which treat a disproportionate share of racial minorities, leading to concerns that already large racial disparities in readmissions could widen. OBJECTIVE: To examine whether there were changes in Black-White disparities in 30-day readmissions for acute myocardial infarction (AMI), congestive heart failure (CHF), or pneumonia following the passage and implementation of HRRP, and to compare disparities across safety-net and non-safety-net hospitals. DESIGN: Repeated cross-sectional analysis, stratified by safety-net status. SUBJECTS: 1,745,686 Medicare patients over 65 discharged alive from hospitals in 5 US states: NY, FL, NE, WA, and AR. MAIN MEASURES: Odds ratios comparing 30-day readmission rates following an index admission for AMI, CHF, or pneumonia for Black and White patients between 2007 and 2014. KEY RESULTS: Prior to the passage of HRRP in 2010, Black and White readmission rates and disparities in readmissions were decreasing. These reductions were largest at safety-net hospitals. In 2007, Blacks had 13% higher odds of readmission if treated in safety-net hospitals, compared with 5% higher odds in 2010 (P < 0.05). These trends continued following the passage of HRRP. CONCLUSIONS: Prior to HRRP, there were large reductions in Black-White disparities in readmissions at safetynet hospitals. Although HRRP tends to assess higher penalties for safety-net hospitals, improvements in readmissions have not reversed following the implementation of HRRP. In contrast, disparities continue to persist at non-safety-net hospitals which face much lower penalties.
BACKGROUND
Thirty-day readmissions are common and costly in Medicare. 1 In order to reduce readmissions, the Hospital Readmission Reduction Program (HRRP) levies financial penalties on hospitals with higher than expected 30-day readmissions for certain targeted conditions, initially focusing on including acute myocardial infarction (AMI), congestive heart failure (CHF), and pneumonia. The program, which was passed as part of the Affordable Care Act in 2010 and went into effect in 2012, has been associated with reduced readmissions for targeted conditions following announcement and implementation of the program. [2] [3] [4] [5] The potential impact of the HRRP penalties on overall health care disparities, however, is ambiguous. Some evidence suggests that higher penalties may increase incentives to improve patient care transitions for hospitals that treat a large volume of minority patients. 6 On the other hand, penalties may place a burden on already-financially constrained hospitals. 7 This has been a particular concern to policymakers since safety-net and teaching hospitals are much more likely to be penalized under the HRRP. 8, 9 Thirty-day hospital readmissions have been associated with a variety of patient-related factors including medical complexity and sociodemographic factors. 10, 11 Previous research has also shown that there are significant racial disparities in readmissions, even after adjusting for comorbidities. 10 The HRRP adjusts targeted readmission rates for age, sex, and case mix, but not race or socioeconomic factors. The purpose of this study was to investigate how HRRP may have influenced health care disparities by examining trends in readmissions by race and hospital safety-net status from 2007 to 2014.
METHODS

Data Sources and Study Population
We used the 2007-2014 state inpatient data from the Healthcare Cost and Utilization Project (HCUP) to identify hospitalizations for Medicare beneficiaries initially admitted for the conditions targeted by HRRP: acute myocardial infarction, congestive heart failure, and pneumonia. The HCUP state inpatient data include administrative data on hospital procedures, diagnoses, and charges, as well as patient characteristics, including age, gender, and race for all hospital admissions in the state. 12 We included all inpatient discharges with any of the three targeted diagnoses, for patients aged 65 and older with Medicare as their primary payer from five states (Arkansas, Florida, Nebraska, New York, and Washington), discharged alive, who did not leave against medical advice (n = 1,745,686). We used these five states because the discharge records contain revisit indicators, which are needed to calculate the days between the index hospitalization and subsequent hospitalizations for the same patient, and because these states had data available for 2007 through 2014. We also performed sensitivity analysis using data from Massachusetts, which has revisit indicators back to 2011, and Iowa, which has revisit indicators back to 2009. We supplemented the HCUP data with data from the 2011 American Hospital Association Annual Survey and the CMS impact file to obtain hospital characteristics.
Thirty-Day Readmissions
We calculated 30-day readmissions following the published guidelines set by the Centers for Medicare and Medicaid Services. 13 A hospitalization was identified as a readmission for any condition within 30 days of a previous hospital discharge for one of the targeted conditions. We excluded transfers to other hospitals and potentially planned readmissions, which were defined using the CMS-published algorithms. Generally, planned readmissions include non-acute admissions for typically scheduled procedures and other types of care (e.g., rehabilitation, transplant surgery). 14 
HRRP Passage
Hospital Characteristics
We examined how a hospital's status as a safety-net provider may play a role in the change in readmission disparities over time. In order to make simple comparisons, we split hospitals into two groups. Following earlier work, we used the Disproportionate Share Hospital (DSH) index from the CMS impact file to identify safety-net hospitals as those hospitals in the top quartile of the DSH index. 15, 16 The DSH index is the sum of the percentage of beneficiaries treated at the hospital who receive both Medicare Part A and Supplemental Security Income benefits and the percentage who receive Medicaid, but not Medicare benefits. Although for simplicity, we focus on safety-net hospitals, we note that safety-net status is also strongly correlated with other concepts, such as highly penalized hospitals and minorityserving hospitals. For instance, although safety-net hospitals made up approximately 25% of all hospitals, they made up 47% of highly penalized hospitals (defined as having penalties above the 50th percentile) in our sample. Additionally, 77% of safety-net hospitals were minority-serving hospitals (defined as having greater than 40% of discharges among Black or Hispanic patients) compared with just 11% of non-safety-net hospitals.
Individual Characteristics
We focused on comparisons between non-Hispanic Whites and non-Hispanic Blacks, and excluded Hispanics, Asians, and other races from our analysis since the reliability of race data is highest among these groups in state hospital discharge data, 17 and this is consistent with the previous literature. 10 We abstracted age, sex, and race from the discharge data. In order to adjust for patient complexity, we calculated the Elixhauser Comorbidity Index, summing the total number of the 30 Elixhauser diagnoses reported during the index admission using ICD-9 codes. 18 
Statistical Analysis
We used logistic regressions to model the individual likelihood of readmission as a function of race by year interactions, controlling for age, sex, and Elixhauser Comorbidity Index. Using the regression model, we calculated the adjusted readmission rate by calculating the average likelihood of readmission for each year for Whites and Blacks at the mean values of the covariates using the margins command in Stata 13.1. We then repeated this analysis, stratifying by hospital safety-net status and HRRP penalty status by using separate regression models on the restricted sample. In sensitivity analyses, we examined the state-level Black-White differences in state-level trends in readmissions using separate linear regressions for each state. Because state-level data had smaller sample sizes and a higher degree of variability, we examined the overall annual trend using a continuous year variable, and an interaction of that variable with race. All analyses were done in SAS 9.3 and Stata 13.1. Table 1 compares characteristics of patients in our sample during the period from 2007 to 2014 across different hospital types. The overall readmission rate over this time period was 21.3%, and that rate was higher for patients treated in safety-net hospital (22.9%). Patients at safety-net and high-penalty hospitals were more likely to be Black or other racial minorities and to be female. Rates of comorbidities were similar across both hospital types. HRRP penalties disproportionately impacted safety-net hospitals, which had, on average, nearly doubled the penalties of their counterparts. By our definition, safety-net hospitals served a population that included over 50% patients receiving Medicaid or SSI, compared with less than 20% in all other hospitals. Appendix Table 1 expands this  table by showing differences across each quartile of the DSH  index, and Appendix Table 2 shows the same results stratifying by high HRRP penalties vs. low penalties. There is a sharp difference between the highest quartile, which we define as safety-net hospitals and the lower three quartiles. Table 2 Figure 1 and Table 2 show adjusted readmission rates by race over time. In 2007, Blacks had 17% higher odds of being readmitted compared with non-Hispanic Whites. By 2014, this ratio was reduced to 10% higher odds for Blacks, and the reduction was statistically significant (P < 0.01). Results from our sensitivity analysis including data from Massachusetts and Iowa are shown in Appendix Table 4 , and provide similar results. Appendix Table 5 shows results by state. The individual state results are nosier, with significant narrowing of disparities in Arkansas and Washington, and non-significant differences in other states.
RESULTS
Pre-HRRP (2007-2010)
Even prior to the passage of HRRP, readmission rates were declining for both Blacks and Whites, and this was occurring at both safety-net and non-safety-net hospitals. In this period, disparities between Blacks and Whites were also declining. In fact, most of the decrease in disparities occurred prior to the passage of HRRP. This was entirely due to declining disparities at safety-net hospitals. In fact, the Black-White gap in readmissions at safety-net hospitals was only borderline Adjusted for age, sex, and Elixhauser comorbidities using logistic regression. BSafety-net^defined as top 25% of Disproportionate Share Hospital payment recipients. Bhigh-penalty^defined as top 50% of penalties 95% confidence interval for ARR in brackets ***Significant at P < 0.01; **Significant at P < 0.05; *Significant at P < 0.10 ARR, adjusted readmission rate; OR, odds ratio †The odds ratio difference is calculated by dividing the odds ratio for the later year by the odds ratio for the earlier year. P values were calculated using the non-linear combination of estimates using the delta method significant in 2010, prior to the enactment of HRRP. Disparities persisted at non-safety-net hospitals, which saw small but not statistically significant increases in the Black-White readmission gap. Although disparities in readmission rates were initially slightly larger in safety-net hospitals compared with their counterparts, by 2010, these disparities were smaller in safety-net hospitals.
Post-HRRP (2010-2014)
During the period following the enactment of HRRP, readmission rates continued to decline for both Black and White patients. Despite being disproportionately impacted by the HRRP penalties, the earlier gains made in disparities at safety-net hospitals were not reversed following implementation of HRRP. In fact, our point estimates suggest a continued decrease in disparities at safety-net hospitals over the period from 2010 to 2014, though this change is not statistically significant. By 2014, readmission rates between Whites and Blacks were not statistically different from one another in safety-net hospitals. Further, by 2014, Blacks were statistically significantly less likely to be readmitted if they were treated in high-penalty hospital than if they were treated at a low-penalty hospital (Appendix Table 3 ), and had similar rates of readmission in safety-net versus non-safety-net hospitals.
DISCUSSION
Black-White disparities in readmissions decreased significantly during the years leading up to and following the passage and implementation of Medicare 30-day readmission penalties. Despite these improvements, significant disparities remain-Black patients are still much more likely to be readmitted than White patients. Our data show that both readmission rates and disparities in readmission rates were already declining prior to the announcement of the HRRP (2010) and the implementation of the program (2012), so it is difficult from these data alone to conclude how much, if any, of the decrease in disparity was associated with the policy. However, regardless of the cause of the decrease, the fact that disparities did not increase, and in some cases continued to decrease, is important. Black patients are more likely to be treated in safety-net hospitals. These hospitals also tend to have low profit margins, and there has been significant concern that the combination of financial constraints and higher penalties would leave them unable to address readmissions. 7, 19, 20 Additionally, since many of the sociodemographic factors related to readmissions are outside the control of hospitals, and these factors are associated with race, it was possible that hospitals might be better positioned to reduce disparities in non-disadvantaged populations, exacerbating disparities. Our results should provide encouragement but also some concern to policymakers. We show that the large downward trend in readmissions that began prior to the passage of HRRP continued following its enactment and implementation. Further, the large decreases in disparities in safety-net hospitals that occurred in the years prior to HRRP did not reverse following the enactment and implantation as many had feared. In addition, the finding that by the end of our study period safety-net and highly penalized hospitals had lower disparities and, in the case of highly penalized hospitals, lower adjusted readmissions among Black patients than their counterparts suggests that this is not simply the case that hospitals that had the most room for improvement improved the most. On the other hand, of considerable concern is that safety-net hospitals have continued to receive higher penalties even though they have reached a major national policy goal (essentially eliminating disparities), 8 while hospitals that continue to have large disparities face much lower penalties.
Our findings are similar to other recent papers by Figueroa and colleagues who found similar reductions in disparities using national data. 21 In addition, previous studies have shown that safety-net hospitals have seen greater improvements in readmissions, 3, 22 but the fact that disparities also decreased suggests that these constrained hospitals were still able to reduce readmissions for Black patients. Nonetheless, safetynet hospitals are among the most adversely affected by HRRP. For instance, safety-net hospitals had, on average, nearly doubled the penalties of non-safety-net hospitals. It is possible that these higher penalties result from higher rates of readmission not offset by risk adjustment. For example, safety-net hospitals may have more readmissions related to socioeconomic factors which may be correlated with race. Thus, it is possible that cuts to DSH payments, particularly in nonMedicaid expansion states, will eventually lead to a decrease in quality and a return to higher levels of readmissions and disparities in the future, and this deserves attention in future studies.
This present study had several limitations. Importantly, since we only examined trends in readmissions and disparities, we are unable to determine how much of the change in disparities is causally related to the HRRP or any other policy that may affect hospital funding. Our data are from state hospital inpatient files, which include both fee-for-service Medicare and Medicare Advantage (MA), but do not distinguish between them. Enrollment in MA plans increased slightly during our study period from 23 to 31%, and hospitals are not penalized under HRRP for readmissions among MA enrollees. 23 Additionally, the state inpatient databases only capture admissions within a given state, and readmissions that occur in a different state from the index admission are not captured.
As we move forward, it is unclear how disparities in readmissions will change as the HRRP evolves to account for socioeconomic factors. The 21st Century Cures Act includes legislation requiring the HRRP to account for hospital proportion of dually eligible patients. Although this adjustment does not take race or other important socioeconomic factors into consideration, it may be a step toward leveling the playing field for hospitals treating high proportions of socioeconomically disadvantaged patients. However, it seems equally plausible that it reduces the incentives facing these hospitals to make care improvements for dually eligible patients, which, to the extent that racial minorities are more likely to be dually eligible, may exacerbate racial disparities. Thus, it will be important to monitor changes in readmission disparities following these upcoming policy changes.
